In order to simulate the atmospheric corrosion of steel, artificial steel rust particles were synthesized by aerial oxidation of aqueous solutions containing . The rod-shaped -FeOOH particles were formed from in only FeCl 3 -NaNO 3 system, though no marked change in crystallite and particle sizes of the -FeOOH was recognized by adding NO 3 -. Accordingly, it can be suggested that the corrosive SO X gas and air-borne chloride strongly affect the rust formation in atmospheric corrosion of the steels.
Introduction
The formation and structure of atmospheric corrosion products of steels strongly depend on the exposure environment of steels [1] [2] [3] . The air-borne chloride, SO X and NO X in atmosphere are dissolved in thin film water on the steels to generate anions such enhances the -FeOOH formation [7] . On the other hand, the authors studied the influence of Cl markedly inhibits the rust formation [8] . However, these studies are mainly discussed on the steel rust particles synthesized from Fe 3+ solutions except for the study by Oh et al [7] . In order to elucidate the atmospheric corrosion mechanism of steels at initial stage, systematic investigation about the influence of anions on the formation of steel rust particles prepared from Fe 2+ solutions is more appropriate than that from Fe 3+ solutions.
The purpose of this study was to clarify the influence of anions on the formation, structure and morphology of steel rust particles. So that, the artificial steel rust particles are synthesized by aerial oxidation of a mixture of aqueous FeCl 2 , FeSO 4 and NaNO 3 solutions. The products thus prepared were characterized by means of powder X-ray diffraction and transmission electron microscope. The obtained results must serve to elucidate the role of air-borne chloride, SO X and NO X on the rust formation in atmospheric corrosion of steels.
Experimental

Synthesis of steel rust particles
Artificial steel rust particles were prepared by aerial oxidation of acidic aqueous Fe with distilled-deionized water and finally dried at 50°C for a over night. All the chemicals purchased from Wako Pure Chemical Industries Ltd., were used without further purification.
Characterization
The products thus formed were characterized by a variety of conventional techniques.
Powder X-ray diffraction (XRD) patterns were taken on a Rigaku Miniflex-II diffractometer with a Ni-filtered CuK radiation operated at 30 kV and 15 mA. The scanning speed and step were 2°/min and 0.01°, respectively. Morphology of the obtained particles was observed by a TOPCON EM-002B transmission electron microscope (TEM) at 200 kV. From the afore-mentioned results, we can summarize the major product in Fig. 8 . While, the influence of NO 3 -on the structure and particle morphology of the steel rusts is negligibly small. These findings suppose that corrosive SO X gas and air-born chloride affect the formation of steel rusts.
Results and Discussion
Yield of the products
Influence of anions on the formation, structure and morphology of steel rust particles
It is well-known that hydrolysis and oxidation rates of Fe The formation of steel rusts in acidic Fe 3+ solutions was reported as follows [11] [12] [13] [14] .
The hexa-aqua Fe via oxolation reaction (4) and olation reaction (5).
The reactions (1) - (5) Schwertmannite and -FeOOH to be -40.0 and -39.0, respectively [11, 17] . Accordingly, the increase of yield of the products is thought to be due to the formation of Schwertmannite with less solubility than -FeOOH. 
Conclusions
In order to elucidate the influence of air-borne chloride and corrosive gasses such as SO X and NO X in atmosphere on the formation of steel rusts, artificial steel rust particles were prepared by aerial oxidation of a mixture of FeCl 2 , FeSO 4 and NaNO 3 solutions and the structure and morphology of the obtained particles were examined. The summary of the present study can be drawn as follows. 
